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Abstract 
Auditory training aims to compensate for degradation in the auditory signal, and is offered as 
an intervention to help alleviate the most common complaint in people with hearing loss, 
understanding speech in a background noise. Yet there remain many unanswered questions. 
This review article describes some of the key pieces of evidence that assess the evidence for 
whether, and how, auditory training offers benefit to adults with hearing loss. The evidence is 
clear that improvements occur on the trained task, however transfer of that learning to 
generalised real-world benefit is much less robust. 
For more than a decade, there has been an increasing awareness of the role that cognition 
plays in listening. But more recently in the auditory training literature, there has been an 
increased focus on assessing how cognitive performance relevant for listening may improve 
with training. We argue that this is specifically the case for measures that index executive 
processes, such as monitoring, attention switching and updating of working memory, all of 
which are required for successful listening and communication in challenging or adverse 
listening conditions.  
We propose combined auditory-cognitive training approaches, where training interventions 
develop cognition embedded within auditory tasks, are most likely to offer generalized 
benefits to the real-world listening abilities of people with hearing loss. 
Keywords: Auditory training, Hearing loss, Working memory, Attention, Communication, 
Hearing aids, Executive function, Speech perception. 
Learning Outcomes: 
1. The learner will be able to describe four ways to assess the evidence for whether or 
not auditory training is effective for people with hearing loss. 
 
2. The learner will be able to explain how improvements on untrained speech and 
communication outcome measures may be attributed to executive processes 
(cognition). 
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CEU questions 
1. Which type of investigation provides the highest level of evidence? 
a) Case-control studies 
b) Randomized controlled trials 
c) Case studies 
d) Expert opinion  
e) Systematic reviews and meta-analyses (correct) 
 
2. Which of the following describes the learning that is least likely to be representative 
of patient benefit from auditory training? 
a) Generalisation of learning 
b) Near transfer of learning  
c) Far transfer of learning 
d) On-task learning (correct) 
e) Off-task learning  
 
3. In the phoneme discrimination study (Ferguson et al, 2014), performance on which 
outcome measure improved pre- to post-training? 
a) Test of everyday attention: divided attention  (correct) 
b) Test of every day attention: single attention  
c) Digit span 
d) Sentences in 8-Hz modulated noise 
e) Digit triplets in speech-shaped noise 
 
4. Which of the following training stimuli have been shown to result in reduced hearing 
disability, as measured by the Glasgow Hearing Aid Benefit Profile? 
a) Listening and Communication Enhancement (LACE) 
b) Brain fitness 
c) Luminosity 
d) Phoneme discrimination training (correct) 
e) Cogmed RM 
 
5. Which of the following is not considered to be an executive process? 
a) Attention switching 
b) Memory updating 
c) Forwards digit span (correct) 
d) Divided attention 
e) Monitoring multiple talkers 
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Hearing loss results in significant difficulties in communication, which in turn can lead to 
social withdrawal and isolation, depression, and reduced quality of life.
1
 More recently, there 
is evidence that hearing loss is associated with an increased risk of developing dementia,
2
 and 
MRI scans show that people with hearing loss have accelerated brain atrophy.
3
 Over the last 
decade it has become increasingly evident that listening and communication require the 
contribution of both sensory and nonsensory factors, such as cognition, motivation and 
context.
4-6
  This is particularly the case when listening to speech in adverse conditions, such 
as in fluctuating background noise or competing speakers.
7,8
 and more so in older listeners.
9
  
 
In order to effectively communicate, whether a hearing loss is present or not,  a person needs 
to access the acoustic information (hearing, a passive process), employ attention and intention  
(listening, an active process), correctly interpret the acoustic and linguistic information 
(comprehension, a unidirectional process) and use and transmit this information  effectively 
(communication, a bidirectional process).
10
 This concept of communication, based on the 
WHO International Classification of Functioning, Disability and Health Framework (ICF),
11
 
has been developed further to suggest both positive and negative feedback loops exist 
whereby not only does improved listening result in better comprehension and communication 
but the converse also occurs.
12
 Consequently, there is an interplay between ‘bottom-up’ and 
‘top-down’ processing that is important for successful communication.  This interplay has 
been demonstrated empirically through physiological and neurological studies,
13-15
 studies of 
the role of cognition in hearing aid users,
16,17
 and in those using advanced hearing aid 
processing strategies, such as fast acting compression
18
 and noise reduction algorithms.
19
  
 
Interventions for hearing loss 
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The main clinical intervention to benefit adults with hearing loss is the use of hearing aids, 
which have been shown to provide significant benefits in terms of reduction in activity 
limitations (e.g. difficulties listening to speech in background noise) and participation 
restrictions (e.g. reduced active participation in social events).
20
 Despite recent advances in 
digital technology and improved users’ satisfaction with hearing aids,21 users often continue 
to encounter difficulties in noisy and challenging listening environments.
22,23
 Furthermore, a 
large proportion of people who would benefit from hearing aids do not have them,
24
 and in 
those that do wear hearing aids, there are often delays in help-seeking with many people 
having  hearing difficulties for at least 10 years before obtaining hearing aids.
1
  
 
When it comes to improving communication for people with hearing loss, it is clear that 
hearing aids alone are not the only option. A holistic approach to aural rehabilitation has been 
suggested,
25
 which includes management strategies to improve sensory deficits such as 
hearing aids and FM or wireless systems, instruction on technology and communication 
strategies, counselling to enhance participation in everyday life, and perceptual training. This 
review article focuses on recent developments in the field of auditory perceptual training. The 
article highlights work from our own lab, which is grounded in this literature, and is aimed at 
improving speech perception, cognition and self-reported communication abilities in adults 
with hearing loss, and identifying how improvements in these domains might best be 
measured. 
 
Auditory training and the unanswered questions 
Auditory training as a means to compensate for the degraded auditory signal in people with 
hearing loss has been around since the mid-1950s, and until the mid-1990s was primarily 
delivered verbally, on a one-to-one basis.
26,27
  However, the advent of computer-based 
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auditory training, either via PC or the internet, provides more widespread, cost-effective and 
easier-to-deliver training solutions. The added advantage of this approach is that training can 
be tailored to the individual’s performance and conveniently delivered at home.  Over the last 
decade there have been a number of review articles on auditory training that have offered a 
range of different perspectives, including historical advances,
27,28
 rules and applications of 
training in adults and children,
29,30
 training-related changes in the brain,
31,32
 and 
conceptualisation of the potential for auditory training.
4
 Commercial training applications for 
users of hearing aid and cochlear implants are listed in a number of articles.
28,33,34
 
 
A number of reviews and research articles have raised a number of pertinent research 
questions (for a summary, see Table 1), but the question that has been most widely debated 
has been “Is auditory training effective?”. This question has been directly examined by two 
systematic reviews.  Sweetow and Palmer
35
 reviewed the literature and identified six 
published articles up until 1996. We followed this up with our own systematic review that 
identified 13 articles between 1996 to 2012, which used computer-based auditory training in 
adults with hearing loss.
36
 Systematic reviews differ from general literature reviews in that 
they ask a specific research question often using PICOS (participant, intervention, 
comparison, outcomes, study design) as a guide, use specific eligibility criteria and a 
systematic research strategy, assess the validity of the findings, and aim to provide robust 
evidence to support evidence-based practice. Within the hierarchy of evidence, systematic 
reviews, particularly if supported by a meta-analysis, provide the highest level of evidence.
37
 
 
Does auditory training work? 
We assessed the evidence for this in a systematic review
36
 by asking a number of questions.   
1. Does evidence exist to support improvements on the trained task (‘on-task’ learning)? 
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The evidence was clear that for adults with mild-moderate hearing loss, whether hearing aid 
users or not, on-task learning always occurred for a range of stimuli including phonemes, 
words and sentences.
36
 The same trend was shown for cochlear implants users
36
 with the 
exception of one study with only 10 in the sample.
38
  That on-task learning occurs is 
interesting academically and supports animal models of neuroplasticity.
39
 However, from a 
clinical perspective when considering auditory training as an intervention, the following 
question is more relevant. 
 
2. Does the evidence exist to support improvements in untrained measures to provide 
patient benefit?   
This is often referred to as ‘off-task’, generalized or transfer of learning. Further examination 
of transfer to untrained measures can be considered on a spectrum of near-transfer (e.g. 
outcome is close to the trained task) to far-transfer (e.g. outcome is in a different modality or 
measures a different construct). Traditionally, many training studies of adults with hearing 
loss have focussed primarily on improving the sensory detection of auditory stimuli (e.g. 
identification or discrimination) to improve overall speech perception performance. The 
outcome measures used are often similar speech perception tasks (i.e. near transfer).  
However, if the aim of auditory training is to improve communication in everyday life, as 
seen in the models of Kiessling and Sweetow, other outcome measures that are different to 
the trained task and reflect real-world benefit also need to be considered. For people with 
hearing loss, these include both self-reported measures of communication and cognition (i.e. 
far transfer), both of which are important for listening.  
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In our systematic review,
36
 the generalization of learning to untrained measures was mixed. It 
was notable that all the studies used at least one outcome measure of speech perception,  yet 
only two studies used a self-reported measure of communication to tap into perceived real-
world benefits,
12,40
 and just one study measured cognition.
12
 Although generalized 
improvements were shown where measured for speech perception (11/13 articles), self-report 
of communication (1/2) and cognition (1/1), these improvements were inconsistent across 
studies, and the magnitude of improvement was small and not robust. Similar results have 
also been shown for speech perception in a review of mainly non-computerised training 
articles from 1970 to 2009, with a small effect size (Cohen’s d = .35).41 Our systematic 
review highlighted that the quality of the evidence for included studies was very low to 
moderate. Reasons for this included failure to include a control group and a lack of 
randomisation, power calculation, and participant and tester blinding. The study that was 
rated most positively for quality of evidence (moderate) was that by Sweetow and 
Henderson-Sabes.
12
 
 
Since our systematic review there have been several auditory training studies published that 
have addressed some of these methodological and quality issues in adults with hearing loss.
42-
44
  For example, these studies all included a control group. Moreover, they used outcome 
measures that assess cognition (i.e. memory and attention), self-reported communication, or 
both. These studies will be discussed further in a later section. 
 
3. Does any improvement in trained and untrained measures remain after training has 
ceased (retention of learning)?   
To assess the long-term benefits of training interventions for people with hearing loss, 
follow-up assessment is required. As with many intervention studies, follow-up is often not 
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conducted.
45
 In our systematic review, retention of learning was assessed in 8/13 articles, and 
ranged from 4 days to 7 months. All studies showed retention of learning to trained and 
untrained measures to various degrees with only some reporting the statistical effects. 
Recently, other studies have demonstrated significant retention of learning,
43,46,47
 with the 
possibility of ‘top-up’ sessions remaining as a means to maintain learning-related benefits.48 
 
4. What is the adherence of individuals with computer-based training?  
For an intervention to be considered successful, it is crucial that individuals adhere to the 
intervention as this is strongly related to outcomes.
49
 This was highlighted in a sub-sample of 
50 hearing aid users from large multi-center RCT of LACE that showed those who adhered to 
LACE training had significantly better outcomes for untrained speech tests than those who 
were classified as non-adherers.
50
 However, our systematic review showed that adherence, 
like retention, was reported infrequently (only in 6/13) and defined in different ways (e.g. 
proportion who completed the training or proportion who dropped out). Where adherence 
was reported it was high, both for laboratory-based (81%) and home-based interventions (73-
100%). This suggests that those who undertake home-based training, where lack of 
supervision might be expected to results in lower adherence, were at least as compliant as 
those who undertook supervised training within a laboratory setting. However, this contrasts 
with a large-scale study that used LACE routinely in clinical practice, where adherence was 
low with only 30% completing 10 or more of the 20 sessions.
51
  
 
Although there have been suggestions as to which factors are important in encouraging high 
adherence,
51
 such as clinician-patient interactions and patient motivations, to date, there has 
been little research on this. We explored patient motivations for uptake, participation and 
compliance with a home-delivered phoneme discrimination training programme,
43
 based on 
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the Self-determination Theory.
52
 Initial participation in the study was associated with 
extrinsic motivation (e.g. hearing difficulties), whereas engagement and adherence with 
training was influenced by intrinsic (e.g. a desire to achieve higher scores), in addition to 
extrinsic (e.g. to help others with hearing loss) motivations. To gain a better understanding of 
users’ motivations will help inform future theory-driven developments of auditory training, 
including the consideration of game-play.
53
  
 
The importance of clinically significant patient benefits 
When considering the benefits of interventions for clinical populations it is important to 
understand what is meant by ‘patient benefit’. There are two points of note here, (i) clinical 
significance, and (ii) individual differences. Research studies in auditory training often report 
the results of improvement in terms of statistical significance. However a study that shows a 
statistically significant improvement, particularly in large sample sizes, does not necessarily 
represent clinically significant patient benefit if the improvement is too small to impact on a 
patient’s everyday life.54 As such, the effect size (i.e.  the magnitude of improvement) is of 
critical importance, and has been suggested to be as important, if not more important than 
statistical significance.
55
 Typically, effect size is described by Cohen’s d as small, moderate 
or large (0.2, 0.5, and 0.8 respectively).
56
 Similarly, studies often present research findings in 
terms of group means, whereas in clinical practice, clinicians are faced with an individual 
rather than an ‘average patient’, and so individual differences are important to establish who 
benefits from training, and how.
57
 
 
Recent advances in auditory training research on communication, cognitive and speech 
perception abilities: the role of executive processes  
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When considering outcome measures to show the benefits of auditory training and other 
interventions, it is important that outcome measures explicitly relate to the needs and goals of 
the individuals for whom the intervention is aimed at.
58
 Speech perception measures, 
particularly in noise, have been measured universally in auditory training studies of adults 
with hearing loss. While it is important to demonstrate measureable improvements in speech 
perception performance, it is also important for those undertaking training obtain self-
perceived benefits in their everyday communication, which is best measured using self-report 
questionnaires.  
 
Subjective assessment of communication 
Our RCT of phoneme discrimination training in 44 adults with mild hearing loss,
43
 
communication, assessed by the Glasgow Hearing Aid Benefit Profile, showed a significant 
pre- to post-training improvement in the overall score for hearing disability, with a moderate 
effect size (d = .51). There was no significant effect in the waitlist control (no training) group.  
Although this suggested that training conferred everyday real-world benefits, what was more 
interesting were the results from the four individual pre-defined situations. The only situation 
that showed a significant pre- to post training improvement was that for the most complex 
and challenging listening situation ‘having a conversation with several people in a group’ (d 
= .68). To be able to carry out a conversation in a group, the listener is required to identify the 
specific speech source against a background of other talkers, and simultaneously monitor and 
switch attention to other auditory streams or sound sources (i.e. other talkers).
8,59
 This 
requires the engagement of executive processes that regulate, control and manage other 
cognitive resources, such as attention and working memory, to aid inhibition, updating and 
task switching.
60
  There were no significant improvements for the simpler, less challenging 
listening situations such as ‘having a conversation with one other person when there is no 
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background noise’.  If the benefits of auditory training for everyday communication are 
primarily evident and relevant to challenging listening situations, then in order to demonstrate 
these benefits it is important to use outcome measures that are appropriately complex and 
challenging to be sensitive to the effects of auditory training. 
 
These results were supported by qualitative thematic analysis of open-ended questions from 
all the participants, in addition to two representative focus groups (n=10 participants).
61
 From 
the open-ended question that asked “what was the best aspect of your experience with the 
training program?”, around one-quarter of the participants provided unprompted reports of 
improved listening, concentration and attention after they had completed the training. 
Furthermore, one of the key themes from the focus groups was ‘increased concentration, 
attention and focus in everyday listening’. Two sub-themes were ‘ improved listening skills’ 
and ‘development of strategies for listening’, and all but one focus group participant reported 
that training made them concentrate more. Typical comments were: 
“…It [the training] made me concentrate more, it certainly did.”  
“I think it just made me aware that if I do want to hear what’s going off, I’ve got to 
pay attention and focus more than I used to.”  
Taken together, the results from this training study suggest that the benefits of phoneme 
discrimination training yielded a perception of benefit but this was only demonstrated for 
situations that index executive processes. To ensure that the benefits of training are captured, 
future training studies should carefully consider the inclusion of appropriate and sensitive 
outcome measures at the outset. 
 
Behavioural assessment of cognition and speech perception 
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The auditory training literature suggests that people improve on what they train on, and this is 
true also for the cognitive training literature.
62
 Although the LACE programme is referred to 
as an ‘auditory’ training programme, it also includes cognitive components for auditory 
working memory, speed of processing task, and auditory closure tasks. Two published LACE 
studies, one with older adults with hearing loss
12
 and the other with younger (19-35 years) 
normally-hearing people
63
 showed statistically significant on-task learning for the auditory 
memory and closure tasks.  Furthermore, in one study,
12
 generalisation to improvements in 
untrained cognitive measures was also shown for a Listening Span test (near transfer working 
memory) and the Stroop Colour test (far transfer speed of processing). Both these tests index 
executive processes. 
 
Similar results were shown in two studies that used the Brain Fitness program (Posit 
Science),
42,64
 an auditory-based cognitive training program, with significant improvements in 
auditory short-term memory and sentence in noise (QuickSIN) shown for the trained but not 
the control groups. Additionally, there were significant improvements in auditory and visual 
sustained attention,
64
 and speed of processing.
42
 These results suggest that training can also 
improve the neurophysiological processes underlying speech perception in noise, specifically 
improvements in temporal and spectral deficits.   
 
In our own lab, we have carried out a series of auditory and cognitive training studies that 
used outcome measures of cognition, communication and speech perception.
43,65,66
 These 
findings have been summarised elsewhere.
67
 For the phoneme discrimination training RCT
43
 
there were no pre-post training improvements for simple measures of cognition (i.e. single 
sustained attention and simple-digit span working memory) for either the trained or control 
group. These results are consistent with a large study of multitask cognitive training in 11000 
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participants, which showed on-task learning but no generalisation to a simple-digit span 
working memory test.
68
 However, of note in our RCT
43
 was that generalized far-transfer 
improvements were shown, with moderate effect sizes, for complex measures of cognition 
that indexed executive processes. Specifically, these were a test of divided attention (Test of 
Everyday Attention, TEA) and updating of working memory using a visual letter monitoring 
task.  Notably, there were no improvements in the two speech tests, both of which used 
energetic noise maskers (i.e. digit triplets in speech-shaped noise, ASL sentence in 8-Hz 
modulated noise).  
 
This led us to reconsider our speech perception results and ask the question, would a speech 
test that engaged executive processes, such as an informational masked speech task,
69
 result 
in improvements in speech perception performance? We examined this further in a phoneme 
discrimination in noise training study in existing hearing aid users.
65
 Significant pre-post 
training improvements were shown for a competing speech test that used a male and a female 
talker (Modified Coordinate Response Measure), with a moderate effect size (d=.47), and no 
improvements for the control period. This contrasts with the results from the speech in 
(energetic) noise tests and suggests that it may be important to use speech measures that are 
relevant to the cognitive benefits provided by auditory training. Furthermore, a dual task of 
listening (AB words in noise) and memory (digit span),
70
 showed highly significant pre-post 
training improvements with a large effect size (p < .001, d =.77), but only for an intermediate 
condition (0 dB SNR)  that was neither too easy (quiet)  nor too difficult (-4 dB SNR) (see 
Fig. 1). These results were consistent with our results for cognition and communication from 
our previous study
43
 whereby outcome measures need to be appropriately challenging to be 
sensitive to post-training benefits. Taken together, these results suggest that the value of 
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auditory training to mediate top-down cognitive skills may be more important than the 
refinement of bottom-up sensory skills. 
Finally, one of the prerequisites for an outcome measure that is used across multiple visits is 
that it has high test-reliability to minimise measurement error. Across our two auditory 
training studies test-retest reliability for cognitive and speech perception tests was generally 
high, and 15/18 measures exceeded an interclass correlation coefficient (ICC) of 0.7 (Table 
2). However, it is noteworthy that as test complexity increases, test-retest reliability 
decreases. For memory, the Digit span is a simple memory storage task whereas the visual 
monitoring tasks involve working memory that involve executive processing (memory 
updating) and which have lower ICC than the digit span. For attention, the simpler single 
TEA task has a higher ICC than the more complex TEA dual task that has a lower ICC, 
which is further reflected in the differential between the two (dual task decrement). Similarly, 
this same trend is seen for the speech perception tests that increase in complexity from a digit 
triplet (word) and sentence in energetic noise to a competing speech test (MCRM). This 
suggests that when choosing appropriate outcome measures for auditory training studies, 
consideration of a compromise between high sensitivity and high test-retest reliability may be 
warranted. 
 
Objective assessment of cognition 
Studies that use objective outcome measures rather than subjective self-report and 
behavioural measures have the benefits of reducing any participant response or cognitive 
bias. One novel objective marker is pupil dilation, which has been used as a marker of the 
cognitive demands of listening in older adults, including those with hearing loss.
71
 Kuchinsky 
et al
72
 demonstrated that the peakedness of the pupil response increased during a word 
recognition task that was particularly challenging. In a follow-up  speech perception training 
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study,
44
  pupil size measured post-training was larger and peaked more rapidly during a 
speech perception task. The authors suggested that increased arousal and a possible increase 
in attentional focus or engagement occurs as a result of training. Other electrophysiological 
measures, such as alpha waves
73
 may also be a marker of attention or engagement with a task, 
and offer a potential measure of changes in the cognitive resources required for listening 
following auditory training.  
 
What about training cognition directly? 
Given that cognition appears to play a critical role in pre-to post auditory training benefits, 
can training cognition directly offer a more direct route for people with hearing loss? Studies 
of a commercial working memory training programme (Cogmed RM) have shown 
generalized post-training improvements for attention and self-report of cognition in younger 
and older adults,
74
 and speech perception in children with cochlear implants.
75
 To date, there 
have been no published studies of Cogmed RM in adults with mild-moderate hearing loss.  
 
Our third training study was a registered clinical RCT using Cogmed RM in a sample of 57 
existing hearing aid users.
66
 Cogmed RM uses an adaptive paradigm for the trained group and 
a fixed three-item span paradigm for the active control group, which allowed blinding of both 
the participants and the researchers. The results, not yet published, showed that there was 
near-transfer for an untrained working memory task but no far-transfer to a cognitively 2-
competing talker speech perception task (informational masking). These results are broadly 
consistent with the cognitive neuroscience literature. A systematic review of 52 cognitive 
training studies
62
 showed statistically significant differences for those undergoing cognitive 
training compared to control groups, with small and moderate effect sizes for nonverbal and 
verbal memory, working memory and processing speed. However, there were no significant 
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effects seen for executive function and attention, indicating no generalization to the broader 
underlying cognitive constructs.
76
 It has been suggested that working memory training 
enhances working memory tasks that have a similar underlying cognitive construct and share 
similar structural features.
77
 It may well be that training-related improvements in working 
memory are mediated by specific strategies that are employed by participants, such as 
chunking or grouping.
78
 
 
Where to next?  
The evidence is clear that people improve on what they train on, whether the training stimuli 
are auditory or cognitive. Generalisation of learning to untrained tasks is more uncertain, 
although more likely to occur for near-transfer than far-transfer. A theme that seems to be 
coming to the fore is the role of cognition in auditory training, specifically executive 
processes such as attention switching and updating of memory. These are processes that are 
integral for successful listening in challenging or adverse conditions, therefore training 
stimuli that engage these processes may well be the key to providing benefits from training 
programs.  
 
To optimise the benefits of training to everyday real-world communication, we propose that 
an integrated auditory-cognitive approach is taken. Training would, for example,  
target the cognitive processes that underpin speech perception within speech tasks rather than 
directly training cognition that is far-removed from speech perception, or speech in noise 
perception that has limited cognitive involvement (e.g. uses energetic masking). 
Reviewing the unanswered questions posed in Table 2, there appears to be some headway 
made in addressing questions a-c. Training parameters in auditory stimuli that engage 
executive processes rather than cognitive training in isolation may provide greater real world 
18 
 
benefits. The benefits of auditory training may be best demonstrated if outcome measures are 
appropriate and sensitive to the underlying mechanisms of benefit, such as those that 
underpin executive processes. Further research is needed to specifically address these 
hypotheses, and of course, many questions remain unanswered. 
 
Returning to the main problem that many people with hearing loss experience, that of 
listening to speech in background noise.  A holistic rehabilitative approach that aims to 
reduce activity limitations and participation restrictions has been suggested by Arthur 
Boothroyd.
25
 We would like to propose that for rehabilitation, auditory training is expanded 
to target both listening and communication abilities through appropriately designed training 
programs that enhance cognition, specifically executive processes. Furthermore, this training 
should be delivered in a way that promotes both intrinsic and extrinsic motivations of the user 
in order to enhance enjoyment and adherence. This type of approach would be best 
considered in conjunction with hearing aids and management strategies outside of the scope 
of this article. Such strategies may include individualised educational programs that 
encourage active engagement of the patient with educational materials to enhance knowledge 
of hearing loss, hearing aids and effective communication,
79-81
  appropriate setting of 
expectations, patient motivations, and shared goal-setting,
82
 alongside the active inclusion of 
patients’ communication partners.83 
 
Finally, with the increasing use of the internet and smartphone technologies, even in older 
people,
84
 and the growing interest in the concept of tele-audiology, auditory-cognitive 
training is ideally suited for online delivery that can be tailored to meet an individual’s needs, 
can be easily accessed when needed, with increased gameplay and interaction elements, and 
19 
 
delivered alongside other hearing management strategies.
85
 But that’s another story, for 
another day. 
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Figure 1. Mean and 95% confidence intervals dual-task score (maximum value=40) across 
three speech in noise conditions for existing hearing aid users. Pre- and post-training with 
phoneme discrimination in noise. T1 and T2 =  pre-training, T3 = immediate post-training, 
T1-T2 = 1 week, T2-T3 = 1 week. *** p = .001 
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Table 1.  Questions on auditory training arising from the literature 
a. What are the optimal training parameters that provide the greatest benefits?  
b. What are the relative benefits of auditory and cognitive training? 
c. What are the optimal outcome measures to measure benefits of auditory training? 
d. What is the optimal duration of training?  
e. What are the long-term effects of training? Is  booster training needed? 
f. What factors predict benefits from training in individuals? 
g. What are the motivations underlying adherence, and how can adherence and 
engagement be improved? 
h. Can auditory training improve acclimatisation in hearing aid and cochlear implant 
users?  
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Table 2. Intraclass correlation coefficient (ICC) and 95% confidence intervals (CI) for tests of 
cognition and speech perception from two auditory training studies. TEA = Test of Everyday 
Attention. ASL = Adaptive Sentence List, MCRM = Modified Coordinate Response Measure 
(MCRM). 
  95% CI  
 ICC lower upper      P 
Ferguson et al (2014)
43
     
Digit span 0.88 0.70 0.95 <0.001 
Visual monitoring task: slow (1/2s) 0.70 0.23 0.88   0.007 
Visual monitoring task: fast (1/1s) 0.72 0.28 0.89   0.005 
TEA single task (#6) 0.93 0.82 0.97 <0.001 
TEA dual task (#7) 0.83 0.59 0.93 <0.001 
TEA dual-task decrement 0.72 0.30 0.89    0.004 
     
Digit triplet test 0.87 0.66 0.94 <0.001 
ASL sentence test 0.67 0.21 0.86    0.007 
Henshaw and Ferguson (2014)65     
Dual task word repetition (2° task) 0.93 0.85 0.97 < 0.001 
 Quiet 0.90 0.78 0.96 < 0.001 
 0 dB 0.80 0.58 0.91 < 0.001 
             -4 dB 0.35 -3.70 0.69 0.128 
Dual task digit recall (1° task) 0.86 0.70 0.94 < 0.001 
 Quiet 0.81 0.60 0.91 < 0.001 
 0 dB 0.76 0.49 0.88 < 0.001 
             -4 dB 0.72 0.41 0.87 0.001 
Letter number sequencing task 0.83 0.65 0.92 < 0.001 
     
MCRM threshold 0.45 0.17 0.83 0.063 
 
 
